Background: Long intervals between patient visits and limited time with patients can result in clinical inertia and suboptimal achievement of treatment goals. These obstacles can be improved with a multidisciplinary care program. The present study aimed to assess the impact of such a program on glycemic control and cardiovascular risk factors. Methods: In a randomized, parallel-group trial, we assigned 263 patients with poorly controlled type 2 diabetes mellitus (T2DM) to either a control group, standard care program, or a multidisciplinary care program involving a senior family physician, clinical pharmacy specialist, dietician, diabetic educator, health educator, and social worker. The participants were followed for a median of 10 months, between September 2013 and September 2014. Glycated hemoglobin (HbA1c), fasting blood glucose (FBG), lipid profiles, and blood pressure (BP) were measured. The assignment was blinded for the assessors of the study outcomes. The study registry number is. Results: In the intervention group, there were statistically significant (p < 0.05) post-intervention (relative) reductions in the levels of HbA1c (−27.1%, 95% CI = −28.9%, −25.3%), FBG (−17.10%, 95% CI = −23.3%, −10.9%), total cholesterol (−9.93%, 95% CI = −12.7%, −7.9%), LDL cholesterol (−11.4%, 95% CI = −19.4%, −3.5%), systolic BP (−1.5%, 95% CI = −2.9%, −0.03%), and diastolic BP (−3.4%, 95% CI = −5.2%, −1.7%). There was a significant decrease in the number of patients with a HbA1c ≥10 (86 mmol/mol) from 167 patients at enrollment to 11 patients after intervention (p < 0.001). However, the intervention group experienced a statistically significant increase in body weight (3.7%, 95% CI = 2.9%, 4.5%). In the control group, no statistically significant changes were noticed in different outcomes with the exception of total cholesterol (−4.10%, p = 0.07). In the linear regression model, the intervention and the total number of clinic visits predicted HbA1c improvement.
Background
Saudi Arabia has one of the highest rates of diabetes in the world [1] . Local population studies estimate the prevalence of diabetes at approximately 24% among Saudi adults [2] . This is approximately three times the world average [1] . A recent epidemiologic forecast study that incorporated the high obesity and smoking prevalence trends among Saudi adults estimated type 2 diabetes mellitus (T2DM) at 44% in 2022 [3] . In addition to the associated increased risk of morbidity and mortality, T2DM among Saudis has led to a surge in healthcare utilization and allocated costs [4] . Diabetes is known to increase the risk of vascular diseases such as heart diseases and stroke markedly [5] . This can be averted, or at least delayed, by intensive glycemic control [6, 7] , along with the control of associated risk factors such as hypertension and dyslipidemia [7] [8] [9] . However, the compliance with these preventive measures by patients with T2DM is inadequate [10, 11] .
Primary care physicians manage most patients with T2DM. However, long intervals between patient visits and limited time with patients can result in clinical inertia and, consequently, suboptimal achievement of treatment goals [12, 13] . Several strategies have been described to overcome barriers to efficient diabetes management at primary care settings, including a multidisciplinary team approach [12, 14] . The implementation of such an approach was successful in improving diabetes care in primary care patients [15] . We have reported a successful integrated care program for improving diabetes management in Saudi Arabia [16] . However, the small sample size and the lack of control limited the inferences from the study findings. The aim of the current study was to evaluate the impact of a multidisciplinary diabetic care program on glycated hemoglobin (HbA1c) and cardiovascular risk factors among patients with poorly controlled T2DM in a primary care setting, using a controlled interventional design. The study assessed changes in HbA1c, fasting blood glucose (FBG), total cholesterol, triglycerides, HDL cholesterol, LDL cholesterol, systolic and diastolic blood pressure (BP), body weight, number of visits, and record of concomitant medications and the frequency of adjustment.
Methods

Setting
The study was conducted in Al-Wazarat Chronic Diseases Center, a division of the Al-Wazarat Health Care (WHC) Family Medicine Center in Riyadh, Saudi Arabia. The Chronic Diseases Center consists of 12 specialized clinics, primarily for patients with T2DM, hypertension, dyslipidemia, and bronchial asthma, in addition to a procedures room and support services such as pharmacy, laboratory, and radiology. The Chronic Diseases Center is staffed by senior family physicians who are board certified and/or specialized in diabetes care, a board certified clinical pharmacist, dieticians, diabetic educators, health educators, and social workers. The daily clinics are run by six physicians serving approximately 120 patients daily.
Design
A randomized, controlled interventional study was conducted between September 2013 and September 2014. Enrollment data were assessed by reviewing the patient charts for at least two visits before joining the study. Outcome data were assessed by prospectively following patients for at least two visits after joining the study (for a maximum of 9 months). Controls were recruited from the same center using the same eligibility criteria. All required ethical approvals from the local ethical committee were obtained before data collection.
Population and eligibility
The study sample was recruited from adult patients, 18 years or older, with T2DM who received their diabetic care at the Chronic Diseases Center of WHC. Patients who had at least two clinic visits before joining the study and were able to provide informed consent were checked for eligibility for enrollment. Patients who received care from both diabetes clinics at the endocrinology department and primary care clinics were excluded to avoid double care and to assure a standardized level of management. The eligibility criteria included one or more of the following: (1) poor glycemic control (HbA1c >10 [86 mmol/mol] or persistent elevation of HbA1c >8 [64 mmol/mol] for 1 year or more); (2) failure to respond to therapeutic insulin dose of >2 units/kg or 200 units irrespective of weight; (3) inadequate adherence to insulin; (4) uncontrolled hypertension or hyperlipidemia with maximum possible combination of medications; (5) comorbidity such as cardiovascular, renal, or hepatic disease; and (6) inadequate continuity of care (such as recurrent missed appointments for insulin titration). The eligible patients were consecutively assigned to either the intervention or control groups using a computerized random number generator. The 289 patients were assigned unique study numbers ranging from 1 to 289. The number assigned was consistent with the recruitment date (i.e., the first patient recruited was assigned the number 1 and the last patient recruited was assigned the number 289). The clinical pharmacist who acted as the case manager conducted assigned study numbers. The biostatistician generated a random sequence of 72 numbers out of 289 using a computer program without knowing the order of the patients. The case manager assigned the patients' numbers who matched those on the random sequence to the control group. The recruitment and randomization processes of the patients are illustrated in Fig. 1 .
Sample size
Considering the results of the pilot study, we proposed that an integrated care program can reduce HbA1c by 3 points and FBG by 3 mmol/L. To detect a 2-point difference in HbA1c (3.0 versus 1.0 with a standard deviation [SD] of 2.7) between the intervention and control groups with 80% power and 95% confidence, 80 patients were required (60 in the intervention and 20 in the control group, assuming a ratio of 3:1). Similarly, to detect a difference of 2 mmol/L in FBG (3.0 versus 1.0 with a SD of 5.0) between the intervention and control groups with 80% power and 95% confidence, 264 patients were required (198 in the intervention and 66 in the control group, assuming a ratio of 3:1). Therefore, the larger sample size was adopted. The researchers opted to select a smaller size for the control group compared with the intervention (1 to 3) to maximize the number of patients gaining potential benefits from the intervention.
Outcome
The absolute and relative changes in the levels of HbA1c, FBG, blood lipids (total, LDL, HDL cholesterol, and triglycerides), BP (systolic and diastolic), and body weight during the study relative to baseline were the outcomes measured.
Intervention
The integrated care program is a multidisciplinary program used for the care of patients in the intervention group. Patients were referred from any discipline working in the Chronic Diseases Center when they fulfilled the eligibility criteria for the integrated care program to the case manager. The program team included a senior family physician, clinical pharmacy specialist who acted as a case manager, dietician, diabetic educator, health educator, and social worker. The program team met once or twice weekly to review the eligibility of referred patients and to assess and decide on the care plans for those who had already been enrolled. The care provided was the standard care per the guidelines of the American Diabetes Association (ADA) [17] , but intensified with consideration for individual clinical and social factors. The case manager was responsible for arranging required appointments with other specialties as per the care plan, as well as evaluating the compliance and adverse effects of the new plan, through at least weekly appointments in the first 3 months. Enrolled patients had to be seen at least once by all members of the program team during the period of enrollment, with the exception of the social worker who was seen on an as-needed basis. Strategies to improve the care were patient-based and included (but not limited to) providing more clinic visits, frequent monitoring of outcomes, improving multidisciplinary communication and coordination, providing additional diabetic education and dietetic advice, promoting self-management, providing a booklet for home blood glucose monitoring, adjusting doses according hepatic and renal functions, assessing the need and performing insulin titration, encouraging medication adherence, providing social support, sending patients reminders, and making telephone calls [12, 14, 18] .
Standard care
The care provided to the patients in the control group was congruent with the ADA guidelines [17] with regular appointments every 3 months in the Chronic Disease Clinics. (Additional file 1: Table S1 ). The intervention is illustrated in Fig. 2 .
Statistical methods
Patients' characteristics are described as means and SDs for continuous data and frequencies and percentages for categorical data. Significant differences between the intervention and control groups were tested using a Student's t-test or Mann-Whitney test (as appropriate) for continuous data and chi-square test or Fisher's exact test (as appropriate) for categorical data. The percentage of change in the study outcomes was defined as the amount of change during the study relative to baseline at enrollment. The change in the levels of the study outcomes was examined using a paired t-test. The correlations between the change in HbA1c and the patient's age and clinical and management factors were examined using Spearman's correlation. Independent predictors of HbA1c change were evaluated using a multivariate linear regression model. All p-values were two-tailed. P-values <0.05 were considered significant. SPSS software (release 20.0, SPSS Inc., Chicago, U.S.) was used for all statistical analyses.
Results
The final study analysis included 263 patients with T2DM, with 195 patients in the intervention group and 68 patients in the control group. The demographic and clinical characteristics of both groups at the study enrollment are described in Table 1 . The mean age was roughly similar in both groups (56.9 ± 12.0 years in the intervention group versus 57.7 ± 11.6 years in the control group). Females similarly represented the majority of patients in both groups (65.6% versus 63.2%). The intervention group had a significantly lower number of comorbidities compared with the control group (2.3 ± 0.8 versus 3.0 ± 1.0, p < 0.001), with lower rates of hypertension (30.3% versus 70.6%, p < 0.001) and dyslipidemia (46.2% versus 95.6%, p < 0.001). However, the intervention group had significantly higher body weights (82.9 ± 17.6 versus 74.8 ± 14.3, p < 0.001) and HbA1c Diabetes management in the two study groups is described in Additional file 1: Table S1 . The patients in the intervention group had significantly higher insulin use (97.4% versus 63.2%, p < 0.001), more mixed insulin types (91.3% versus 33.8%, p < 0.001), more insulin with multiple daily doses (p < 0.001), and more total insulin daily dose per kg (1.3 ± 0.7 versus 0.6 ± 0.4, p < 0.001) compared with the control group. They also had significantly higher total number of visits (11.9 ± 6.6 versus 5.1 ± 4.8, p < 0.001), as well as visits to a case manager, diabetes educator, and health educator compared with the control group.
The enrollment and final levels, as well as the changes in the study outcomes, are shown in Table 2 . In the intervention group, there were significant decreases in the percentage of change relative to baseline in the levels of HbA1c (−27.08%, p < 0.001), FBG (−17.0%, p < 0.001), total cholesterol (−9.93%, p < 0.001), LDL cholesterol (−11.44%, p = 0.005), systolic BP (−1.49.0%, p = 0.046), and diastolic BP (−3.410%, p < 0.001) but significant relative increase in body weight (3.72%, p < 0.001). In the control group, there were no significant changes during the study in the levels of different outcomes with the exception of the reduction in total cholesterol (−4.10%, p = 0.007). Moreover, the reductions in HbA1c, FBG, total cholesterol, and, to a lesser extent, LDL cholesterol, as well as the increase in body weight, observed in the intervention group were significantly higher than respective changes in the control group.
The change in HbA1c in both study groups is further illustrated in Fig. 3a and b. In the intervention group, there was a clear reduction in the number of patients with HbA1c ≥10% (86 mmol/mol) (from 167 patients at enrollment to only 11 patients after intervention). This was accompanied by an increase in the number of patients with HbA1c <7% (53 mmol/mol) (from none to 36 patients). The number of the patients with different HbA1c categories in the control group remained relatively constant during the study (Fig. 3a) . None of the patients in the intervention group had a worsened HbA1c and those who had a two-or three-category improvement of their HbA1c were all patients in the intervention group, except for two participants. Those who had no change in their HbA1c category represented 12% (n = 23) of the intervention group and 56% (n = 38) of the control group (Fig. 3b) .
The potential correlates of HbA1c improvement were examined in Table 3 . In both groups combined, such improvement was positively and significantly correlated with the number of insulin types used, total insulin daily dose per kg, number of all medications used, and total number of clinic visits (including visits to the case manager, diabetes educator, and health educator) but negatively and significantly correlated with the number of comorbidities and visits to a doctor or dietitian. When each group was examined separately, improvement was positively and significantly correlated only with the total number of clinic visits and visits to a case manager in the intervention group but none in the control group. In (Table 4 ). These two variables alone explained 35% of the change in HbA1c levels. (Table 5 ).
Discussion
A successful integrated diabetic care program was achieved among a group of patients with poorly controlled T2DM. The program resulted in a considerable improvement of glycemic control and, to a lesser extent, cardiovascular risk factors. Similarly, a number of studies reported improved glycemic control and cardiovascular risk profile at primary care settings after implementing a multidisciplinary care approach, intensifying patient education and modifying workflow to allow better access [15, 19, 20] . The observed reduction in HbA1c in the current study (3.1% absolute and 27.08% relative) was higher than observed in similar studies in the primary care setting [15, 19, 20] . Additionally, a review of studies that implemented intensified diabetic care by a multidisciplinary team, including a primary care physician and clinical pharmacist with an advanced practice nurse, showed between 0.4 and 2.1% improvement in HbA1c levels [12] .
The observed higher improvement in the current study may be explained by the relatively worse diabetic control at enrollment (approximately 85% of the intervention group had HbA1c ≥10 [86 mmol/mol]). Those with poor diabetic control in the current study and other studies were the highest group to benefit from the integrated care program [21] . Nevertheless, comparisons of the current findings with other studies may be methodologically challenging as the intensity and frequency of the care provided as well as the composition of the multidisciplinary team markedly varied between different studies. We believe that the observed reduction in HbA1c, if maintained, can result in considerable reductions in cardiovascular morbidity and mortality, as well as the cost of diabetic care [22, 23] .
The lack of glycemic control and poor control of cardiovascular risk factors among patients in the control group was not surprising. The majority of Saudi patients with T2DM who receive regular diabetic care at primary care centers, outpatient clinics of internal medicine, or Body weight 85.7 ± 17.8 74.9 ± 14.8 10.8 0.001* † − P values for the intervention-control differences were estimated using † the Mann-Whitney U test *P < 0.05 specialized diabetes centers were shown to have poor diabetes control, with the ADA standards of diabetic care not met [24] [25] [26] . Several challenges to proper diabetes management in primary care setting have been described. These include insufficient patient education, inadequate patient adherence to medication, infrequent clinic visits, lack of social support, lack of home blood glucose monitoring, inadequate physician attitude and approach, and system barriers [27] [28] [29] . The integrated care program described in this study was designed to deal with all the above challenges.
The more frequent clinic visits were the only strategy to predict improved HbA1c levels independently in the current study. It appeared that several other components of the integrated care program that were correlated in univariate analysis to improved HbA1c levels, such as appropriate insulin types and doses, are only working through multiple clinic visits. Additionally, the contribution of clinical pharmacist, who worked as the case manager, may have improved insulin intensification that is not usually tackled by primary care physician [30, 31] .
The integrated care program in the current study was associated with a considerably better lipid profile and a slight reduction in BP. Similar findings have been reported before with a considerable increase in the number of those with controlled total and LDL cholesterol and those with controlled BP after a multidisciplinary care [15, 19, [32] [33] [34] . However, the percentage changes in BP and, to a lesser extent, blood lipids in the current study were less remarkable compared with glycemic control, probably indicating the need for more involvement by dietitians, especially given that visits to dietitians were less frequent compared with other team members and were not different between the intervention and control groups. It should also be mentioned that the modest increase in body weight that was observed in the intervention group in this study and other studies may be related to increased insulin use among these patients [20] . Limitations and strengths
The current study has the advantages of examining the effects of a multidisciplinary, multifaceted integrated care program on multiple outcomes and detecting the predictors of improved glycemic control, using an appropriate sample size and controlled design. Findings showed the impact of diabetes care conducted at the primary care level was an appropriate model of care. Nevertheless, we acknowledge some limitations, such differences between the two groups at enrollment. However, these differences were not in one direction, were less clinically meaningful, and probably had no effect on the study findings. For example, the patients in the control group, who had slightly more comorbidities, had slightly better glycemic control. Moreover, the differences in hypertension and dyslipidemia were not associated with differences in BP or blood lipids. The lack of blindness for both patients and care providers may contribute to bias in the results. We tried to minimize such effects by blinding the results to the outcomes assessors (i.e., labs workers and nurses). Additionally, further research encouraged to conduct to evaluate health economic during implementation of integrated care program through multidisciplinary team approach.
Conclusions
In conclusion, the implementation of a patient-tailored, integrated care program involving a multidisciplinary team approach, frequent clinic visits, and intensified insulin treatment in a primary care setting was associated with marked improvement in glycemic control, modest improvements in blood lipids, and a slight nonsignificant improvement in BP. Those with poor glycemic control are the highest group to benefit from such integrated care program.
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